The crystal structure of trans-dichlorotetrakis(thioacetamide)Ni(II) has been determined from 3005 intensities measured at room temperature using counter techniques and refined by full-matrix leastsquares to a final R of 0.034. The space group is P], Z=2, din= 1"55, de= 1.55 g.cm -a with a=
Introduction
Thiourea (tu) has several possible modes of binding to transition metals: (1) via the nitrogen atom, that is behaving as a N-donor, which has never been observed; (2) binding through the sulfur lone-pair orbitals. The latter mode seems to be the most common and has been shown to exist by a number of structure determinations of thiourea and thiourea-derivatives complexed with transition metals (Berta, Spofford, Boldrini & Amma, 1970; O'Connor & Aroma, 1969; Weininger, O'Connor & Amma, 1969; Spofford, Boldrini, Aroma, Carfagno & Gentile, 1970; Nardelli, Gasparri, Battistini & Domiano, 1966; Lopez-Castro & Truter, 1963 ; Gasparri, Mangia, Musatti & Nardelli, 1969; Sirigu, 1969; Nardelli, Gasparri, Musatti & Manfredotti, 1966; Robinson, Holt & Carpenter, 1967; Lfith & Truter, 1968 .) The third possibility is via the sulfur-carbon n-orbitals. This has been observed in Cotu4(NO3)2 and Cotu4(NO3)2.2H20 (Spofford, Boldrini, Amma, Carfagno & Gentile, 1970) . The color and, consequently, the spectra of Nitu4C12 and also of NiC12 with derivatives of thiourea, are quite interesting; for example, trans-Nitu4Cl2 is olive green with two distinctly different Ni-C1 distances of 2.40 (2) and 2.52 (2)~ (Lopez-Castro & Truter, 1963) . This particular structure has an umbrella-like arrangement with a real fourfold axis and the thiourea groups tipped toward one of the apical chlorines. Somewhat surprisingly the thiourea groups are tipped toward, and hydrogen bonded to, the chlorine belonging to the shortest Ni-CI distance. This compound was once thought to be representative of the entire series of transition metal thiourea complexes with the same * Partial fulfillment for the Ph.D. requirements at the University of South Carolina, 1969. "~" Present address: National Cash Register Co., Dayton, Ohio, U.S.A.
Author to whom correspondence should be addressed. structure, i.e. where the metal was Ni, Co, Mg, Fe and Cd (Cavalca, Nardelli & Braibanti, 1956 ). However, we have shown in an earlier publication that transNitu4Cl2 is unique and the other members of this series have equal metal-chlorine distances (O'Connor & Aroma, 1969) . In fact, in all of these cases the metal sits on a center of symmetry. However, trans-dichlorotetrakis(ethylenethiourea) Ni(II) is polymorphic, crystallizing in two forms, both of which have been shown to have Ni(II) coordinated to 4S and 2C1 in a trans arrangement (Robinson, Holt & Carpenter, 1967) . Lfith & Truter (1968) found in dichlorotetrakis(trimethylenethiourea)Ni(II) that again the coordination polyhedron is made up of four sulfur atoms and two chlorine atoms in a trans octahedral geometry. In all of these cases the metal is bound to the sulfur by what appears to be a non-bonding sp 2 lobe of the sulfur atom. Nardelli & Chierici (1957) have reported the preparation of M(tac)zCl2 where M =iron, cobalt, zinc or cadmium and tac=thioacetamide. The electronic and vibrational spectra of M(tac)2X2 were reported by Flint & Goodgame (1968) , where M is as above and M'= Ni, Pd, Pt and Cd, and X= C1 or Br. Nardelli & Chierici (1958) also reported the preparation of a complex having the stoichiometry M(tac)4Cl2, where M=Ni or Cd. The only other crystal structures of transition metal complexes with thioacetamide thus far reported are those of bis(thioacetamide)Ni(II) thiocyanate (Capacchi, Gasparri, Nardelli & Pelizzi, 1968) and tetrakis(thioacetamide)Ni(II) bromide (Spofford, Boldrini & Aroma, 1971) .
Experimental
Dichlorotetrakis(thioacetamide)nickel(l I), Ni(tac)4C12, was prepared as follows: 3 g (0.038 mole) powdered thioacetamide were added with constant stirring to 25 ml of hot ethanol in which 2 g (~0.01 mole) of NiCI2.6H20 had been dissolved. The crude product .6 4S 266 2ni -~ I,J 69 1~ ,6 "" :; 60" -)~ ) 107" -109" :~.
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THE STRUCTURE OF trans-DICHLOROTETRAKIS(THIOACETAMIDE)Ni(II)
- ( The intensities of 3789 independent reflections were recorded by the 0-20 scan technique using unfiltered Mo Kc~ radiation at room temperature. All independent reflections to 20--60 ° were measured.* The peaks were * A number of reflections were carefully examined, and it was found that with a suitably narrow choice of scan width the Mo Kp peak could be avoided. This procedure gave a better background estimate for all but a few low order or axial reflections than with the usual Zr filter. For those reflections where the Mo Kfl reflections clearly created problems, the reflections were measured with a filter and scaling was accomplished via the standard reflection that was also measured with the Zr filter. In general, the reflections for which Mo KB created problems could be identified by examination of the backgrounds of each peak. scanned for 45 sec (1.5 ° 20) and backgrounds were estimated by stationary counting for 20 sec at + 0-75 ° (20) of the peak maximum. Integrated intensities were calculated assuming a linear variation in background from the function" I, et=Isca.--l'125 (B1 + B2) where BI and B2 are the background counts. Low angle reflections were scanned at a narrower width to prevent problems from the fl peak and were then scaled accordingly. A reflection was considered nonzero if /net was greater than 3.5x 1.125 (BI.-bB2) 1/2. 3005 reflections were found to meet this criterion. A standard reflection (one of average intensity) was measured after every ten reflections to monitor the stability of operation during the data collection. Deviation of the standard peak from the average during the entire data collection was less than 1.5 standard deviations with slightly less peak-to-peak variation. The take-off angle and crystal-to-counter, and counterto-source distances were 3.7 ° and 18 and 23 cm respectively; and the receiving aperture at the counter was 6 mm wide by 8 mm high. The peak width at halfpeak height for an average reflection was 0.31 ° (in 20) at the 3.7 ° take-off angle, indicating a reasonable mosaic spread for the peaks. The counting rate never exceeded 5000 counts per second and no attenuators were used. 575 symmetry-related reflections were measured and found to be in excellent agreement; apart from these only independent reflections were scanned. The linear absorption coefficient (/~) for this compound with Mo Kc~ radiation is 17.6 cm -1. No corrections for absorption* were made, but anomalous dispersion corrections were included in the refinement. Lorentz-polarization corrections were made, and the intensities reduced to structure factors. * The neglect of the absorption correction no doubt makes our assessment of error optimistic. At the time of the solution of this structure (three years ago) our absorption program was not operating satisfactorily, Afterwards, we did not feel that the structure warranted the correction and subsequent computing time needed to refine the structure again. We now make routine absorption corrections on all data. Ni (1) 57 (1) 69 (1) 62 (1) 5 (1) -7 (1) 4 (1) Ni (2) 52 (1) 74 (1) 58 (1) 4 (1) -3 (l) 6 (1) S (1) 106 (1) 69 (1) 85 (1) 4 (1) -38 (1) 7 (1) S (2) 73 (1) 94 (1) 64 (1) -6 (1) 0 (1) -7 (1) S (3) 68 (1) 103 (1) 60 (1) 16 (1) -7 (1) -7 (1) S (4) 85 (l) 77 (1) 73 (1) ll (1) 11 (1) 15 (1) (6) 138 (7) 120 (7) 78 ( (3) 96 (5) 65 (5) 73 (4) 6 (4) 3 (3) 8 (3) C (7) 159 (7) 124 (7) 70 (5) 11 (6) -4 (5) -20 (4) N (3) 104 (5) 161 (7) 116 ( 
Structure determination
Assuming space group PT the structure was solved by standard heavy-atom methods (Harris, 1964) and refined by the full-matrix isotropic least-squares method (Busing, Martin & Levy, 1962) without hydrogen atom contributions to an R of 0.089. Anisotropic refinement of all nonhydrogen parameters converged to an R of 0.048. A difference map at this point located all the amide hydrogen atoms, but the methyl hydrogen atoms could not be located.
A full-matrix least-squares refinement of all parameters using isotropic temperature factors for the hydrogen atoms and anisotropic temperature factors for all other atoms resulted in R=0.034, wR=0.039, and standard error of an observation of unit weight= 0"500.*
The function minimized in the least-squares refinement was Y w(IFol-IFcl) 2 where Fo and Fc are the observed and calculated structure factors with unit weights. Scattering factors for Ni z+, CI-, and neutral sulfur, carbon and nitrogen were from Cromer & Waber (1965) . Hydrogen atom scattering factors were from Stewart, Davidson & Simpson (1965) . Anomalous dispersion corrections were included in the structure factor calculations by addition to Fc (Ibers & Hamilton, 1964) ; the values for Af' and Aft' for nickel, chlorine and sulfur were those given by Cromer (1965) . The final tabulation of observed and calculated structure factors is in Table 1 (a). Unobserved data were not used in the structure refinement but selected reflections are included in Table l(b) . Final atomic positional and thermal parameters are listed in Table 2 . Interatomic distances and angles, root-mean-square components of thermal displacement, dihedral angles between normals to planes, and their errors were computed (Busing, Martin & Levy, 1964) with the parameter and variance-covariance matrix from the last cycle of least-squares refinement and are listed in Tables 3, 4 and 5. Appropriate least-squares planes (Spofford, 1966) are also listed in Table 5 . Ni ( Atom/plane No. (5) tively. Both of these values are expected for this ligand. The angles within the thioacetamide ligand are also those expected. The Ni-S-C angles of 116-120 ° in the present structure are somewhat larger than the 107-115 ° found in thiourea complexes as well as those found in NitacaBr2 (110-114°). These differences are no doubt dependent upon differences in detail in hydrogen bonding rather than upon differences in bonding to sulfur. In fact, the differences in the tilt angles between the present structure and Nitac4Br2 can be correlated with hydrogen bonding. In Nitac4Br2, two independent tilt angles are 173 (2) and 175 (2) ° , and in the present structure they are 52-64 ° . In the bromide, the bromines are in essentially axial positions with S-Ni-Br angles of 71-75 ° but with long Ni-Br distances of 3.599 (4),~, yet all four of the Br-N hydrogen bonded distances are 3.30 A. In the present structure the Ni-CI distances are much shorter at 2.43/~ with smaller tilt angles of 52-64 ° and C1-N hydrogen bonded distances of 3.2.&. The corresponding distance in trans NituaC12 is 3.23 (3) *.
